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[57] ABSTRACT 

An image reject transceiver (10) provides both phase and 
gain adjustments that causes unwanted images to be 
rejected. A reference signal (RF^j^) is frequency translated by 
two mixer circuits (28, 34) in a receiver circuit (16) to 
provide both an in-phase and an out-of-phase repUca signal 
of the reference signal (RF^) during normal operation. In a 
calibration mode a single frequency generated by a trans- 
mitter VCO (22) replaces the reference signal (RF^^). A 
phase detector circuit (38) provides a phase difference value 
that is fed back through a first switch (45) to a phase shift 
circuit (36) for adjusting the phase separation between the 
two replica signals. An amplitude detector circuit (40) 
provides an amplitude enor value that is fed back through a 
second switch (47) to the mixer circuit (34) for adjusting and 
matching the gain of the two replica signals. 

17 Claims, 2 Drawing Sheets 
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IMAGE REJECT TRANSCEIVER AND 
METHOD OF REJECTING AN IMAGE 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to integrated 
circuits and, more particularly, to integrated circuits having 
an image reject transceiver. 

In electronic systems such as cellular or wireless 
telephones, and image detectors for televisions, among 
others, a phase and frequency relationship exists between an 
incoming reference signal and a signal generated by a 
Valtage Controlled Oscillator (VCO). Typically, mixers in a 
heterodyne receiver translate a Radio Frequency (RF) signal 
to a lower Intermediate Frequency (IF) signal. The mixers 
multiply the received RF signal with a Local Oscillator (LO) 
signal to generate the sum and difference frequencies 
between the RF and LO signals. A filter circuit is used to 
select the diflference frequency, i.e., a mixed down signal, for 
recovering the modulation information that is contained in 
the translated RF signal. 

Unwanted images having frequencies either higher or 
lower than the LO signal are also present at the input of the 
receiver. The unwanted images are also translated in fre- 
quency by the mixers. It is desired that the signals at the 
outputs of the mixers be in-phase while the unwanted 
images be one hundred and eighty degrees out-of-phase and 
equal in amplitude. By summing the signals at the outputs of 
the mixers, the unwanted images being out-of-phase and 
equal in amplitude woiild completely cancel, while the 
desired signals would add. 

However, it is difficult to maintain equivalent signal 
attenuation and a phase relationship of one hundred and 
eighty degrees between the unwanted images with voltage 
and temperature changes in a heterodyne receiver. Further, a 
typical heterodyne receiver includes two passive filters that 
provide rejection of the unwanted images. Requiring filters 
for the input RF signal to reduce the amplitude of the 
unwanted image adds additional costs to the heterodyne 
receiver. 

Accordingly, it would be advantageous to have a method 
and circuit for frequency translating an incoming reference 
signal that causes unwanted images to be rejected. It would 
be of further advantage to provide both gain attenuation and 
a phase relationship that dynamically correct the translated 
signal for complete image rejection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an image reject transceiver 
in accordance with the present invention; 

FIG. 2 illustrates a plot of image rejection versus ampli- 
tude error for the receiver portion of the image reject 
transceiver of FIG. 1; 

FIG. 3 illustrates a plot of image rejection versus phase 
error for the receiver portion of the image reject transceiver 
of FIG. 1; and 

FIG. 4 illustrates a time segment during which phase and 
amphtude corrections are generated for the image reject 
transceiver of FIG. 1. 

DETAILED DESCRIPTION OF THE DRAWINGS 

GeneraQy, the present invention provides phase detection 
and gain attenuation for an image reject transceiver that 
causes unwanted images to be rejected. The reference signal 
RFj^jv- is frequency translated by two mixers to provide both 
a reference replica and a quadrature replica signal of the 
incoming reference signal. A phase detection circuit pro- 
vides a phase difference value in accordance with a phase 



separation between the two replica signals. The phase dif- 
ference value is fed back to a phase shift circuit for adjusting 
the phase separation between the two replica signals. 
Additionally, an amplitude detector circuit provides an 

5 amplitude error value for adjusting and matching the gain of 
the two replica signals. By adjusting both the phase and gain 
of the translated signals, the undesired image is rejected in 
the receiver portion of the image reject transceiver. 
FIG. 1 is a block diagram of an image reject transceiver 

jQ 10 in accordance wath the present invention. Image reject 
transceiver 10 includes both a receiver circuit 16 and a 
transmitter portion 17. In the receiver portion that includes 
receiver circuit 16, a signal RF/^ is received by an antenna 
12 and transferred through buffer circuit 14 to an input 18 of 
receiver circuit 16. The transmit portion of image reject 
transceiver 10 includes a transmitter VCO 22 that is coupled 
for receiving a modulating signal, Vmod* terminal 20 and 
generating an output signal V^^^. The signal V^^^^ at an 
output of VCO 22 is transferred through buffer circuit 26 to 
antenna 12. In addition, the output of VCO 22 is coupled to 

20 input 18 of receiver circuit 16 via a switch 24. Preferably, 
switch 24 is a transistor having a control terminal and two 
current carrying terminals. By way of example, switch 24 
can be a bipolar transistor, a Field Effect Transistor (FET), 
or the like. 

25 Receiver circuit 16 further includes two mixer circuits, 28 
and 34, for quadrature mixing of the signal RF/^ received at 
input 18 with respective signals VCO/ and VCOq. More 
particularly, mixer circuits 28 and 34 each have an input that 
is coupled for receiving the transmitted reference signal 

30 ^iN' A second input of mixer circuit 28 is commonly 
connected to an output of a receiver VCO 30 and to an input 
of a phase shift circuit 32. An output of mixer circuit 28 is 
commonly connected to an input of a phase detector circuit 
38, to an input of an amplitude detector circuit 40, and to an 
input of summing circuit 42. Mixer circuit 28 is referred to 
as an in-phase translator (I -mixer) because it generates an 
output signal, youn^ ^^^^ ^ ^ translated reference repre- 
sentation of the signal RFj^v mixed down directly from VCO 
30. 

A second input of mixer circuit 34 is coupled to the output 
of VCO 30 via phase shift circuit 32. A signal VCO^ 
generated by VCO 30 is phase shifted and becomes the 
signal VCO^ at the output of phase shift circuit 32. An 
output of mixer circuit 34 is connected to an input of a phase 
shift circuit 36. Mixer circuit 34 is referred to as a quadrature 

45 translator (Q-mixer) because it generates an output signal, 
Voun^ that is in quadrature with the mixed down translated 
signal yaun* ^ output of phase shift circuit 36 is com- 
monly connected to a second input of phase detector circuit 
38, a second input of amplitude detector circuit 40, and a 

50 second input of summing circuit 42. An output of summing 
circuit 42 serves as output 44 of image reject transceiver 10. 
A signal Voury generated at the output of quadrature phase 
shift circuit 36 is typically phase shifted from the signal 
^oun by ninety degrees. 

In addition, phase detector circuit 38 has an output that is 
connected to a current canying terminal of a switch 45. A 
second current carrying terminal of switch 45 is connected 
to a third input of quadrature phase shift circuit 36 and to a 
terminal of a capacitor 46. A second terminal of capacitor 46 
is connected to a power supply conductor such as, for 
example, ground. Alternatively, the output of phase detector 
circuit 38 could be coupled through switch 45 to another 
input of quadrature phase shift circuit 32 (not shown). An 
output of amplitude detector circuit 40 is connected to a 
ciurrent carrying tenninal of a switch 47. A second current 

6S carrying terminal of switch 47 is connected to a third input 
of mixer circuit 34 and to a first terminal of a capacitor 48. 
A second terminal of capacitor 48 is connected to a power 
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supply conductor such as, for example, groxind. Switches 24, respect to each other, are canceled and only the desired first 
45, and 47 have commonly connected control terminals (not and second replica signals remain. In other words, cancel- 
shown) that are coupled to receive a time segment signal. lation of the undesired frequency components in the signal 
Like switch 24, switches 45 and 47 can be bipolar at output 44 causes complete image rejection, 
transistors, FETs, or the like. It should be noted that signal 5 However, when the amplitudes of the image component 
RFj-jy is translated from a signal in the Radio Frequency (RF) of the signals Wouri and yoim do not match or do not have 
range to signals and Woury that are in the Intermc- a phase separation of one hundred and eighty degrees, then 
diate Frequency (IF) range undesired frequency component in signal Voim does 

For simplicity the signals RF^, VCO„ VCO^, V^^, ^ \*Jf ^^^^^^^^ frequeucy component in signal 

J 41. r ji_ 1 • 1 \ ^\ . c V-,™. In other words, amphtude or phase errors signify 

^oun, you73. ?nd the feedback signals at the outputs of ^^^^ undesired image has not been completely rejected ii 

phase detector circuit 38 and amphmde detector circuit 40 sicnal at output 44 r j j 

have been shown as single-ended signals. Topically, for high 3 is a plot of image rejection versus amplitude error 

frequency applications of unage reject transceiver 10 ^c ^ accordance with the present invention, where ampUtude 

signals Kh^, yyVjy vcUj^, v^^^^, Vq^, yotmy and the ^^^^ £5 difference in the amplitudes of the signals Voun 

feedback signals at the outputs of phase detector curcuit 38 and V^^. It should be noted that in FIG. 2, the horizontal 

and amplitude detector circuit 40 are differential signals. axis is a logarithmic scale that represents the amount of 

Thus, it is not a limitation of the present invention that the amplitude error in the signals V^™ and yQuri- 

signals in image reject transceiver 10 be single-ended sig- vertical axis represents the amount of image rejection from 

nals. the signal at output 44. Curves 50, 52, 54, 56, and 58 

Image reject transceiver 10 operates in two modes: a illustrate phase errors of zero degrees, one degree, two 
normal transceiver mode and a calibration mode. In the 20 degrees, three degrees, and four degrees, respectively. The 

normal transceiver mode switches 24, 45, and 47 arc open phase error is the phase angle of one hundred and eighty 

and data is either being received or transmitted through degrees minus the difference in the phase angle between the 

antenna 12. Mixer 28 multiplies the received signal RF^jv signals ^oun and V^^^. By way of example, curve 50 

with the signal VCO;- to produce signal Voim ^^at has a illustrates a phase error of zero signifying that signals ^oirri 
component that is the sum of the signals RFj^j^- and VCO, and 25 and ^ozn^ are one hundred and eighty degrees out-of-phase. 

a component that is the difference of the signals RFj.jv and Thus, curve 50 shows that signals Voun and you73 having 

WCOf, Thus, the signal Voun ^ translated in frequency and a phase error of about zero and an amplitude error of about 

is a first replica of the signal RF^. In addition, an undesired 0.01 dB (decibels) or less cause an image rejection of greater 

image at the input of image reject transceiver 10 has a than about 65 dB. Additionally, an amplitude error of about 
frequency that is oEfect to the frequency of VCO 22. In other 30 0.001 dB or less causes an image rejection of greater than 

words, image reject transceiver 10 receives a signal RF^rjv about 85 dB. On the other hand, curve 52 shows that signals 

having a higher frequency than the frequency of the signal ^oun and V^^^ having a phase error of about one degree 

generated by VCO 22 and an undesired signal having a and an amplitude error of 0.01 dB or less have an image 

frequency that is lower in frequency than the frequency of rejection of about 42 dB. 

the signal generated by VCO 22. Thus, in addition to the FIG. 3 is a plot of image rejection versus phase error in 

signal Voim being a translated first replica of the signal accordance with the present invention, where the horizontal 

RFjr^, the signal yotm ^as an undesired frequency compo- axis is a logarithmic scale representing cumulative phase 

nent that is translated down in frequency by the same error between the signals Vozm and ^00x3- The vertical 

amount as the first replica signal. It should be noted that the axis represents the amount of image rejection in the signal 

undesired image at the input of image reject transceiver 10 at output 44. Curves 60, 62, 64, 66, and 68 represent 
could have a frequency that is higher than the frequency of ^ amplitude errors of 0 dB, 0,1 dB, 0.25 dB, 0,5 dB, and 0.75 

the signal generated by VCO 22. Summing circuit 42 could dB, respectively. The amplitude error is the difference in 

then provide a difference value that is the difference between amplitudes between signals Voun and Votn^- By way of 

the signals Vout^ and youn and that causes cancellation of example, curve 60 shows that signals youri and yoim 

the undesired image. having an amplitude error of about zero and a phase error of 
Similarly, a multiplication of the received signal RF^j^ 45 about 0.1 degrees or less cause an image rejection of about 

with the signal VCO^^ by mixer circuit 34 results in a signal 60 dB. On the other hand, curve 62 shows that signals youri 

^oun having a component that is the suim of the signals and yoim having an amplitude error of about 0.1 dB and a 

RF;;y and VCO^ and a component that is the difference of phase error of about 0.1 degrees or less cause an image 

the signals RFjr^ and VCOj;^. Thus, the signal V^^^t^ is rejection of about 46 dB. 

translated in frequeiKy and is a second replica of the signal 50 FIGS. 2 and 3 show the effects of mismatched phase and 

RFjvv, but phase shifted by ninety degrees with respect to the gain products of mixer circuits 28 and 34 and the inaccurate 

signal youTi' Again, an undesired image is received at the phase shifting of phase shift circuits 32 and 36 on the 

input of image reject transceiver 10 and has a fi^uency that amount of image rejection of the signal at output 44. Thus, 

is offiset by the frequency of VCO 22. Tlius, in addition to the process and temperature variations in mixer circuits 28 and 

signal youn being a translated second replica of the signal 34 and phase shift circuits 32 and 36 that cause mismatched 

RF^jy^, the signal yotm has an undesired frequency phase and gain products can lead to reduced rejection of the 

component, i.e., the undesired image is translated down in undesired image when not dynamically corrected in acoor- 

frequency by the same amount as the second replica signal. dance with the present invention. Image reject transceiver 10 

Phase shift circuit 36 further shifts the phase of the signal provides image rejection through dynamic correction of 

^ouny i.e., both the desired replica signal and the undesired phase and gain errors. 

frequency component, by ninety degrees in generating the FIG. 4 illustrates a time segment during which phase and 

signal yoim- should be noted that the desired frequency amplitude corrections are generated for image rejection in 

component of the signal youry ^ in -phase with the desired the time multiplexed image reject transceiver 10 of FIG. 1. 

frequency component of the signal V^y^^, but the undesired The calibration mode takes advantage of using the time 

image components of the signals V^^^.^ and V^^^ are one segments during a transmission time period. Data is often 
hundred and eighty dregrees out-of-phase. Ideally, by gen- 65 arranged into packets for improving transmission band- 

erating the sum of the signals yotm and V^^^, the width. By way of example, time division multiplexing 

undesired frequency components, being out-of-phase with arranges data into packets or frames 70A, 70B, and 70C. 
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Each frame includes a receive slot 72 and a transmit slot 
74. Each receive slot 72 is comprised of a number of Time 
Slots (TS) 76A, 76B, 76C, . . . , and 76L. Similarly, each 
transmit slot 78 is comprised of a number of time slots 78A, 
78B, 78C, . . . , arid 78L. It should be noted that the number ^ 
of time slots included in either receive slot 72 or transmit 
slot 74 is not a limitation of the present invention. 

In addition, a time slot such as for example, time slot 78A, 
further includes a portion 80, a portion 82, and a portion 84. 
Portions 80, 82, and 84 are also referred to as time segments. 
By way of example, data and control bits are transmitted lO 
during portion 80, channel information relating to data 
contained in a subsequent time slot 78B is transmitted 
during portion 82, and VCO 30 (FIG, 1) is relocked to the 
frequency of the data being transmitted in time slot 78B 
durmg portion 84. It should be noted that the number of 
portions included in each time slot is not a limitation of the 
present invention. It should be further noted that the func- 
tions performed during portions 80, 82, and 84 are also not 
hmitations of the present invention. In other words, image 
reject transceiver 10 can use any time slot and any portion 
or combination of portions in the calibration mode to adjust 20 
both the amplitude and the phase of the signals Voun and 

Referring to FIG. 1, the calibration mode occurs, for 
example, when portion 84 (FIG. 4) is in a first logic state and 
switches 24, 45, and 47 are closed. In accordance with the 25 
present invention, data is neither received nor transmitted 
through antenna 12, but the signal V^^^^ is transmitted 
through switch 24 to receiver circuit 16. By design, VCO 22 
is locked to the same frequency as the received signal RF^ry 
and can therefore be used as a single frequency signal or 30 
tone to calibrate receiver circuit 16. 

During the cahbration mode, mixer circuit 28 generates 
the signal Voun having a component that is the sum of the 
signals V^^^^^ and VCO^ and a component that is the differ- 
ence of the fr^uencies for the signals V^^^-^ and VCO,. „ 
Similarly, the signal V^^t^ ^ component that is the sum 
of the signals V^,^^ and VCOq and a component that is the 
difference of the frequencies for the signals V^^^^ and 
VCOg, but they arc phase shifted by ninety degrees with 
respect to the signal V^tm • 1° addition, phase shift circuit 
36 shifts the phase of the signal Voim. t>y about ninety ^ 
degrees in generating the signal V^^^^. By transferring a 
single tone to input 18 of receiver circuit 16, any phase and 
amplitude errors caused by receiver circuit 16 can be cor- 
rected while in the calibration mode. Thus, a combined 
phase shift of phase shift circuits 32 and 36 can be deter- 45 
mined by phase detector circuit 38 and an appropriate phase 
feedback signal generated and fed to phase shift circuit 36 to 
correct for phase errors. In addition, amplitude detector 
circuit 40 can determine the difference in amplitudes for the 
signals yaun and ^ovt^ and generate an appropriate 59 
amplitude feedback signal to mixer circuit 34 to correct for 
amplitude errors. 

Amplitude detector circuit 40 generates an amplitude 
feedback signal having an analog value that is substantially 
equivalent to the difference in the amplitudes of the signals 
^oun and ^out^- The analog value is transferred through 
switch 47 and stored on capacitor 48. By way of example, 
an increased charge stored on capacitor 48 causes mixer 
circuit 34 to increase the amphtude of the signal yQun- 
the other band, a decreased charge stored on capacitor 48 
causes mixer circuit 34 to decrease the amphtude of the 
signal Voun- The periodicity of portion 84 (FIG. 4) assures 
that the charge stored on capacitor 48 during the calibration 
mode is maintained. An amplitude change in the signal 
^ot/n causes a corresponding amplitude change in the 
signal V0U73. Thus, the amplitude feedback signal is 65 
adjusted until the amplitude of the signal V^^^ is matched 
to the amplitude of the signal ^oim- 
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In addition, phase detector circuit 38 receives the signals 
^ovT\ and adjusts the amplitude of the phase 

feedback signal in accordance with the relationship between 
the phase of signals ^ourx ^oim- example, 
a phase difference of about zero degrees, which corresponds 
to the image signals having a phase separation of about one 
himdred and eighty degrees, generates a phase feedback 
signal having an amplitude of about zero. On the other hand, 
a phase separation for the image signals that is not one 
hundred and eighty degrees generates a phase feedback 
signal having an amphtude value greater than zero. The 
analog value is transferred through switch 45 and stored on 
capacitor 46. The phase of the signal Vqut^ is adjusted in 
accordance with the charge stored on capacitor 46. The 
periodicity of portion 84 (FIG. 4) assures that the charge 
stored on capacitor 46 during the calibration mode is main- 
tained. Thus, phase detector circuit 38 adjusts the relative 
phase of signals ^oim ^oun ^^^^ phase difference 
is zero degrees and the image signals have a phase separa- 
tion of one hundred and eighty degrees. 

Any irregularities in phase shift circuits 32 and 36 that 
cause signals youn VOUT3 to not have a zero degree 
phase relationship can be detected by phase detector circuit 
38. In addition, any irregularities that cause amplitude 
differences in signals V^^^-j and yozm can be detected by 
amplitude detector circuit 40. Thus, irregularities caused by 
voltage and temperature changes on the elements of receiver 
circuit 16 can be dynamically detected and corrected. 

By now it should be appreciated that a structure and a 
method have been provided that allow frequency translation 
of an input signal to a lower frequency while rejecting 
undesired images. Phase errors and amphtude errors are 
detected and dynamically corrected during a calibration 
mode to provide rejection of the undesired image. 

What is claimed is: 

1. An image reject transceiver, comprising: 

a transmitter voltage controlled oscillator supplying an 

oscillator signal at an output; 
a first switch having a first terminal coupled to the output 

of the transmitter voltage controlled oscillator and a 

control terminal coupled for receiving a signal; and 
a receiver having an input coupled to a second terminal of 

the first switch, the receiver includes 

a first phase shift circuit having a first input coupled to 
the input of the receiver, 

a phase detector circuit having a first input coupled to 
the input of the receiver and a second input coupled 
to an output of the first phase shift circuit, and 

a second switch having a control terminal coupled to 
the control terminal of the first switch, a first terminal 
coupled to an output of the phase detector circuit, 
and a second terminal coupled to a second input of 
the first phase ^ift circuit. 

2. The image reject transceiver of claim 1, wherein the 
receiver further comprises a capacitor having a first terminal 
coupled to the second input of the first phase shift circuit and 
a second terminal coupled to a power supply conductor. 

3. The image reject transceiver of claim 2, wherein the 
receiver further comprises: 

a receiver voltage controlled oscillator having an output; 

a first mixer ha\dng first and second inputs and an output, 
wherein the first input is coupled to the input of the 
receiver and the output is coupled to the first input of 
the phase detector circuit; 

a second phase shift circuit having an input and an output, 
wherein the input is commonly coupled to the second 
input of the first mixer and to the output of the receiver 
voltage controlled osdUator; and 
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a second mixer having first and second inputs and an second input is coupled to the second input of the phase 

output, wherein the first input is coupled to the input of detector circuit; 

the receiver, the second input is coupled to the output g mixer circuit having first and second inputs, and an 
of the second phase shift circuit, and the output is ^^^^^^^ ^^erein the first input is coupled for receiving 

coupled to the first mput of the first phase shift circuit. 5 ^ ^jg^^^ j^e output is coupled to the first input 

4. The image reject transceiver of claun 1, wherein the ^^^^ ^^^^^ 

receiver further comprises: , . , , . , . . , ^ 

a second switch havme a control terminal and first and 

a receiver voltage controlled oscillator havmg an output; , . • . • i u ■ .u 

^ & f » second current carrymg termmals, wherem the first 

a first mixer having first and second inputs and an output, current carrying terminal is coupled to the output of the 

wherein the first input is coupled to the input of the lO amplitude detector circuit, the second current carrying 
receiver; terminal is coupled to the second input of the mixer 

a first phase shift circuit having an input and an output, circuit, and the control terminal is coupled to the 

wherein the input is commonly coupled to the output of control terminal of the first switch, 

the receiver voltage controlled oscillator and to the 9. The circuit of claim 8, further comprising a second 

second input of the first mixer; capacitor having a first terminal coupled to the second input 

a second mixer having a first input, a second input, a third ^^e mixer circuit and a second terminal coupled to a 

input, and an output, wherein the first input is coupled VO'^^r supply conductor. 

to the input of the receiver and the second input is A method of rejecting an image in a receiver, com- 

coupled to the output of the first phase shift circuit; ,0 ^"^"^^ ^^^^^ 
a second phase shift circuit having an input and an output, sekcting^a portion of a transmission time period as a time 
wherein the input is coupled to the output of the second ^ * 

mixer- transferring a first signal from a transmitter of a trans- 

an amplitude detector circuit having first and second '° " °^ ^^^i^" d"ri»8 the time 

inputs and an output, wherein the first input is coupled 25 segmen , 

to the output of the first mixer and the second input is generating second and third signals from the first signal; 
coupled to the output of the second phase shift circuit; 

and adjusting the second and third signals for calibration 

a second switch having a control terminal coupled to the during the time segment, which rejects the image in the 

control terminal of the first switch, a first current receiver. 

carrying terminal coupled to the output of the ampU- 11- The method of claim 10, wherein the step of adjusting 
tude detector circuit, and a second current carrying ^ second signals further comprises changing a 

terminal coupled to the third input of the second mixer. P^.^^ ^^\^?°°^*^P ^^^^^"^ ^'^ ^g°^^> 

5. The image reject transceiver of claim 4, wherein the which^hbrates the receiver for phase. 

receiver further comprises a capacitor having a fiist terminal ^5 12. The method of clami 11, wherem the step of changing 

coupled to the third input of the second mixer and a second I P^^. relationship between the second and third signal 
terminal coupled to a power supply conductor. ^"^^^f ^ ^.^^^^^ °° ^ capacitor, wherem the 

6. A circuit suitable for use in an image reject transceiver, ^^arge stored on the capacitor causes the third signal to shift 

- - o J pfiagg relative to the second signal. 

, , . . . . ^ , , 13. The method of claim 10, wherein the step of adjusting 

a phase detector circuit havmg first and second mputs and 40 ^^^^ ^ ^^^^^ comprises changing an 

an output, wherem the first input is coupled for receiv- amplitude of the second signal to substantially match the 

ing a first signal; ^[^^ signal, which rejects the image in the receiver, 

a phase shift circuit having first and second inputs and an 14. The method of claim 13, wherein the step of changing 

output, wherein the output is coupled to the second an amplitude of the second signal further includes storing a 

input of the phase detector circuit; and charge on a capacitor, wherein the amplitude of the second 

a first switch having a control terminal and first and signal changes in accordance with the charge on the capaci- 

second current carrying terminals, wherein the first ^'^.n^ ^ ^ ^ ■ ^ - ^ 

current carrying terminal is coupled to the output of the .^^ ?f ^berem Uie step of selecting 

phase detectoT circuit, the second current carrying ? Po-^o" transmission time penod as a tune segment 
f ... ij'.L J* ri_ i ^ 50 mcludes switchmg fi-om a normal operatmg mode to a 

terramal is coupled to the second mput of the phase ^^i^ration mode then the time segmVnt has a first logic 

shift cucuit, and the control lermmal is coupled for ^^^^ ^ 
receiving a second signal. j^* ^^^^ ^1^^ wherein the step of trans- 

7. The circuit of claim 6, further comprismg a first fcrring a first signal includes transferring a single frequency 
capacitor having a first terminal coupled to the second input signal. 

of the phase shift circuit and a second terminal coupled to a 17, xhe method of claim 10, wherein the step of gener- 

power supply conductor. ^1^^^ second and third signals from the first signal includes 

8. The circuit of claim 6, fiirther compnsmg: translating the second and third signals at substanrially a 
an amplitude detector circuit having first and second same frequency as the single frequency signal. 

inputs and an output, wherein the first input is coupled 

to the first input of the phase detector circuit and the 4 * * * * 
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